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FIGURE 1 



(2) ¥f$t¥-8 - 5 1 0 8 9 8 

1. DNAXflRNAlB^JiD^^fcoT, H*g|D N AXfi^^^tL 
5^^DNA^L<liRNAiB5IJf:ffiSt52*^RNA/DNAW^y y K 
<£> ^-±1* Mm <DMkX\Z*ttfc<D^ % ^ - £ M £ U r (O ^ * J\s3r~ & "f> 

* fdfi <t tt^-r 5 r t ■& 9m t -r % 

2. DNAXIiDNA/RNAM^!) y K^i&SfcfM^fcNk©^*^ 
DNAXIiDNA/RNA^^U -7 K<7>#$i<7)4>fr < £ t~0(7)±« 

m^m i ^fs«o^?i 0 

3. DNAXIiDNA/RNAM^!) v Y(D^mm^m^^>^ 
— DNAXIiDNA/RNAW/U -7 K<7)#$!<7)4>ft < t t-o©iM^ 

£ ^ ft * ft y-dt £ it tfc-t § r <t (c: «t o x * * 5 r t £ mm t -f 6 if 1 KfEtt 

4. r*iS|5HtfDNAXIiDNA/RNA/^/y 5/ K£^*Mb-f5<7> 

5. I12^M£»DNAX«:DNA/RNA/^^!J y KcDlB^J 

7. l*iDNAXttDNA/RNAW/y y HW^, ^m^tMt 



(3) #^8 - 5 1 0 8 9 8 

8. DNAXIW^li y K©#0C£lK O/J^Ktll; J; 19 

11. tulS^-fe^f— /^T h 5 ^7 7^-7i»W^tfc^ "6Tft* 

12. iusETrfey-y— A^tfe^ ^^S^Micii^Mi^tLSri: 

^#m^-T6W*Il9~l 1 ©V^-fti^-IItfSic^Tj&o 

fee 

14. f«)i^l:f>f*^fc, tlWi^©#a(lo^-C©SltiDNA 

fc5-*iDNAXIiDNA/RNAM7'!) y K^fe^^/U^— &$IJ£ 
LT, ^/N^7'y ^Vif-v/a y©^ft©x^/^t:ffi^t5#IftDNA 

gE^j^#ft^mi-5 r i i~i3 (D^-ftifr-mztmo 
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(4) ¥f^W- 8-510898 

l 7. !t*ill~l 4<D^irtifr-&\^m<n%fe&MM1r%tz!sb<D&m* 

(z?sj^» ^ -e^-r :/ y if- ^ a >"f s r t # -c t s © * ? 
mmmmt Lt©iwi©DNAXttRNA, 

-Wf^DNASK liRNAXii77^-7-©DNAf L< iiRNA ( 

-'>&< 

-*t»DNAXfiRNA©*4fiSr1r^ki"57i:ft©^-y =* * * U^"^ H\ Xfi 
-/N>r^y ^Vif-^a >$tl5DNA^L< fiRNAXfi7 0 7^-7-cDtfg 

1 8 . ft*ii i~i4 m^tifr-m^mtvxfevmmz&^xRTjmx 

*IDNA 0 



(5) ftmW- 8-5 1 0 8 9 8 

NAXteRNAgE^JO^ffilCl^/Bft, DNAXteRNAO@E?IJ<Z)ffiI&£ 
^W:fi3oT, #C»fffitt (Nature, 1992, 3 5 8, 15 9 

, tUl:, fJi^7^-7-TO!J ^ 7^if£ffl^TDNA<7)*j-)^£i^g-f- 

\Z.X%%^tfc£% 0 

-5- 



(6) ¥f%¥-8 - 5 1 0 8 9 8 

mmmmm*. m&xn, ^^^^xm^s a n g e r mz. «t t)± 

ftBrtf (85 kb) afci, HfMALfcyy^^ Ktc^o-=^^1-5 
0 :©7°7^; KSr, r<E>0trc*if4i§U tttii-r5o i^icjfADNA^, 7°7* 

tJ^Bt^nSo DNAIIieofc?^tfK«lt #DNABf)t^i:l:^ 

rOT^fefi, &&-Cffi#K*fc5 0 815, OOOiM (15kbp) ©DN 
A<£#£\ (7°?*^ KOttfflg) fc'ttT?, -HIH^So 

D N A cDSfi^lJ £ fit % «t (7) mm P X-t&mtt Sfc^577^51^ 

2) 1 0, 0 0 0WM^\ VL&<D&.yr>¥&)jjfeX*l*, -MF^T* 1 5, 0 0 0i 

0, 0 0 0, 0 0 OJ££SrBE?iJ»:3£-C#3„ 

3) DNAOMi)5\ Eb&T'>&V\, 

4) ^iCii^^n, SftjS^^t\ 

5) M^gft^r^, ®m&jEit^ti^>t°~-?fc£vmmfcmx%z 0 



(7) ¥ftt¥- 8-510898 

mm<D^mii, ^^<hi, o o om%wm-fxhz> 0 

^5^DNA^L< {iRNAlB?IJ^@i3l-3-;£||RNA/DNA/^:/y 
-;FO«HI1o^ (pairing) Xfi^F^Mb (#m : impair ing) <d^;v^ 

NA»|C7^ ^#-7" y ^ h tt-tZfrV i fr&mwi-Ztcrtx-tttxh 

So 

V^DNA/DNAXIiRNA/DNAS^^-elS, 4^U—-f 
Wfc^^fcMfc©^*^— J te\ DNAXIiDNA/RNA^^U y K 

5c 



(8) - 5 1 0 8 9 8 

MJ^jE^r^gCDNAXitDNA/RNAW^y y K<£># 

A) (T) - (G) /yf-» (C) -3 3^ 

l^^i"5 0 W. Saenger (Principles of Nuc 

leic Acid structure 1 9 8 8, Springer— Ve 
r 1 a gfgfr) Id «t55F5St#Ra^#5o Sfd&ttS^Pli, DNA«^ 



(9) 8-5108 

(k J X*Jl~ 1 X^7- _1 ) 
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(10) - 5 1 0 8 9 8 

^mm*-*^—*, DNAXttDNA/RNA/^7'y y Ktf>#gl<E>'>ft < 

^-(D^l^TIt, DNAXttDNA/RNA^7'y 5/ KcD^Xx^cD 
tjb©x^;^-^, DNAXI1DNA/RNAW7"!) y K©#0©'>&< <t 

DNA©#i^iiM(aot#ff6rHWt U^fc55tf s 

£ 

ft£M< (opened) (XttK C 5 (closed)) tth^, #g*^MLT^*Mb (X 
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(11) #S¥8 - 5 1 0 8 9 8 

So 

roffioSa^J^Tfi, r#g£§|#|«iL;fc:&, St>^^£f?*HfcU t(D 

&UTffa&^*^-<Dm%mfe^xf T -?&wmi-z>^ t^x*). 

> K Sr«'> $ * 5 ^ <b *s ffl TNfc 3 o 

ki>*smxhz> 0 



(12) #^¥8 - 5 1 0 8 9 8 

id^^i-S^^/^-iSrSy^i-So r^fdfetd, DNA/RNA»*^ 

ro) (c@^-rs 0 2o©M^y ^Vif-^a yttt^> h£ r^i^if-rj 

h ^ * — *mUB (atomic force micrscope : A FM) <Dft&\ZL&Q 

T h * y#7* — *mM (A FM) 13\ ffi* (7)#}± (Park, Digit 
a 1^) ^brfflS^^TV^5^gT*fc<9, -ASft^ W^cT^^fclBg Lfcli 

$y9 7*—xffitlM (A FM) ^^ffl-TSr bfcfo% 0 ^(Di§&. DNA^ 
<Dmffi<D-%&AFM<DftWm*l''*-Kttm£-&. flWI&Sr, AFM<7)pTSjj±« 

Bus tamente 2, Sc ience (1992, 12 5 8t, |1 1 
2 21) id, ttttXrjq8t*lcS<5V^feDNA«r#Si-5^«C5¥S«rffiV^fcr* 
^DNAW#14«rSlj£i-5^fe«rlE*LTV^ 0 

2o©DNA«^«tf, ZLXgrnKtimmtfTF-t-ft (1 
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(13) !&m¥-8 - 5 1 0 8 9 8 

AFMWW^(7)MWWttSW3x 1 0-2N/mtfe^ % LX 

x*%z<dx\ mfetKDm&nmmmtt) (tk*^^j: d^cs) initio 

Ofgfg^O. 6 x 1 0-12NJ; •? rtU-O^Tte, J. N. Israe 

lachvili (Intermolecular and Surface 
Force, Academic Press 3gfi\ 1 9 8 5) (-I2ic(75!£i££# 

n.»m^^^m^^ v )W^^:K.xh^\ ^<o^m\^xzt}<om^t. b. 

G a u t h i e r — M a n u e K Europhys. Conf. 1 4 C\ C3 
4, 1 9 9 0) tcij; i9fS«c$nri^o 

D N A^ICf&o fctiM^iWttli 3 . 4ty^fp-^^ 
*©»»*ftiJRBT?#5o DNAg^2o<»^«£3lo3I5^ «^fi, D 

NACfcit5ii©s^i:S!*t5ifi^ia vmmtstitcmmj&tt mm 

HIS, W*-WA^I;ftte> DNAO^tML^iSJt^l^^P^-T, ffi* 

M:^m^x^^ 0 ^(DDNAmm^^^xw^LtzM^-^tm^-r^ 
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(14) ¥f%¥-8 - 5 1 0 8 9 8 

X <9 , if 4 *&Rmm®:7£<D4m®i&fa±.X»% So 

-^mxh% 0 ip*>, p h, ras, ^^-v^xii^D-rs^t/^w^^M-r 

1) a^fe 

tLSo 

2) EMfe 
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(15) #S¥8 - 5 1 0 8 9 8 

(Dgfj;%m&mmm^mjEX^Z)£o\z-t%-kxhz> 0 ~*m(Dim%, 

I*|DNA (ZZXIX a/a'fSt) «\ ^2 (b) gK^W^-fJ; 5 

ii^^^tsffiW^- y * K*#*pi-5 r t id «t 9 , -v- a a 

/a ' ai«t§„ ^(Oittbi^ 20(DDNA|Sa/a '^%^^tl5o - 

hx-twctZo mxn, ma '03 ' ^Atitm^^R^mBx^mitL, 
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(16) #S¥8 - 5 1 0 8 9 8 

0©ii(D^/y jfJ-V—i/a >RXfi1£&\Z£ , DNA a b a ' / a ' b ' 
a£«-f5 0 ^(Doh(Dm (aba') C-0(«(D»^t2 0©I/j: 

HfilEro^&i:^ro#lfife«r#S^:J?>tfi, (a a 'Xtfa 'a) ^ 

^fi\ D N A ^Ittt 5 i i ia L ^ tttlfiVi ^ > 0 -#£iDNA (a 

a') (SWSl^y^y ^LTl^) (7)^V-7-(75 2 ^fitSffi^^fo 
, ftflJODNA (a/a ') ^» g ^Stil^f 5 (jg 
1 (a) 111) o »-o»f:il:i^ DNA£»# ( 

rft^te, gTc^H 1 (*^** 

, ?y^?%(Dl3^3cis;V (-COOH) X\ZT $ > (-NH2) **Hfc£j£ 
"C^S^Sm^S (-COOH, -NH2, -OHI) tS^-fSo 

DNA^ifc^S^ft, |17 ^ (C oval ink -NH surface 
, * b7^7"-/K Polyabol) £ RJfc LTj&d&&&l&j£'?% Z>ft=f-<D 

* M^7°f7t^y^ i^?-=/WkDNA#^£££iK#^@jrT?#5 

7fy/f7^yy^f« (Dyna 1 t-Xf ) tfc§ 0 i?=f* 
, ^rf>^//-y-Cg-f^L^DNA^, ^rKlSJTT^So r^Tj&fi, » 

SfcJ6©i»77°!J >^£^fcEP#If!gl 5 2, 8 8 6#^M^tLT 
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(17) ¥f%¥-8 - 5 1 0 8 9 8 

mm^, wo92/i 6 6 5 9!i dn A^^m-t^tM^ y 

19 ^(t^ffi(7)f^#^$ij^-r5^fe^, #J;UiE P^fF^ 3 2 9, 1 9 8 ^-KfEfc 

-^(D^^ Kffi^iJ (XI* ) -efcoT, ttJtE@B^iJ(7)-r-< 

TXtt-SB^«r^i-5lt»-*^DNAXfiRNAi:, X h y 

-Umm(DDNAmL< ttRNAXlt7 0; 7 4^~(DDNAmL< URN A ( 

w ±©sijfi © @ £ n t ^ 5 -» d n a x h & o 

^ttMM^T : 
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(18) - 5 1 0 8 9 8 

% 2 in it , mm& -e d n a ^mt-t 5 2 o © %m omm m -c & 5 „ 

S&3EUi, 7 7-^XDNAMLfc2 (b) (CfBft^D N A^V 

(S^ora^) ^i^H^^tlSc flfe^lf-XH, 8iMm-VhZ> 0 
M5mii, t*-X (a) 3m*SJSXSC (b) o^btMLtlll^tyt 
-^^f:#^t„ ra^Mn-rSo M'77(3l^ iS^LfcMft, 

tl5o (a) (b) fcLfc^T, KflTJ tt, *O^Sft 

S&7g|fi, 7 h ^ y^7/^-^||«^fflV^c#^(Cj;5XDNA57 v T-(7)#^ 

*MMMX*l%, iltX^tL^DNAfi, 77-^ADNA (ADNA) 
:©^DNAIi4 8 5 0 2M^A,l:t^ ^ (DgB^Jfi^Trfc 5 D :od 
NA«|aMa 'ft, ^OifiMfc TV) MM^T, 5 ' JftjC 1 2 

^*t±&*£^rf 5 0 :©DNA«t ^3^(cmBSLT^-rj; ^at- 

t, ia©5 'jft£, ffittgU '©3 ' SSH, -#©»^Tra:lf;*-^=;Wfc£*i 
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(19) ¥f^W-8 - 5 1 0 8 9 8 

rftfcfTofc^ t^DNA^r, MLfc^^f f§j 
p p p£ (E s t a p o r ) "CD y n a 1 RXIR h one-Pou 1 e n c Id «fc 9 rfr 

mm^^mm^-t^^v^hT\fi>vt\ ^=f>^^y (dig) 

m (NH2) i: *f (COOH) = - h"t"S 0 

igl0«B£LT^-f DNA^v- (a a ') ©-#££31 

Dyna 1 tf-X £ <Z^<7^^$i^£ tl5 0 H^gHU&tfa 
<DX\ ^tie>ftaJ^Wt-*Mt-t-S„ *Ba{£ife£vT:«£^ DNACoV^ 
c7^ t-t ^ I ^7 . LTf^ffi-t"S*ffi/3©fet>^^«t t)fla^-t"S (#jxJt\ A 

FM(75^/n-) „ DNAWMtt, ^EtWfcSo ^Sb £ AF 

Mm«fc BtT5 So 

2 

IDNAfi, Boehr inger -Ma n n h e i mM'Cfc'So 7r-^7 
A^DNAOc o s^tdtl||^^^-y =r** ^L/c (^-y^l : 

5'-AGGTCGCCGCCC-3' 12-mer ; ^" y =*2 : 5 ' - GG 
GCGGCGACCT-3' 12-mer) 0 S^T^Sfi, B o e 

h r inger — M a n n h e i mJk&B i o — L a b s $^"Cfe5 D 

32 p^^ U^-^ Kft, AmershamHt'fcS, ^Ttf)^ Xtt % Dyn 
al (Dynabeads M- 2 8 0 * h h T tf i>V : D y n a b e a 
d s M-4 5 0 ty^tfC^X^ I g G) SUT'feSo 77y^Sfl4, Rh 
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(20) 8 - 5 1 0 8 9 8 

one-Poulenc (Estapor) $Jt?fc5 0 feiD I G-f & / JfvzfV 
V {=<t J V n — ^vWtl#0 {1, Boehringer —Ma n n h e i mltl) 
5 0 Covalink NH^^-/Wt NunclT'fc^ I^S^yf© 
7°W-H£ffiV^ 0 £X<D&m*> S i gmaIffc5o ««Mfc«i±, P-6* 
t"y*7^ (Bio-Rad) tilLfco 

iDNA»r^^5 #ifc"T? t f gft-T 5 fed , ^T©M^fflt^ 

1) ^T-o^^ w Hgf )f-c<pjii% 

A. D N A 0 . 08nmol (2. 5 m g ) £\ Z <D^X\ W>-dUT 
P UftDi g-dUTPXii7^;-dUTP) 2nmolfcJ:«^^ 
h\ dCTPXttdGTP (3 000Ci/mmol) ©#4Tt, ^ U 

^ K^P>»K-t5o IIDNA^ ffiiJRSBI^KAS 1 4^{4iCj; t) 3 7°C^4 

~6^ra»f^kLT, 2ffi}tki-Z) 0 2o<DW/f£, 1. 5%{£«k/Sr^D-^ 

-?#ItU SF«tL, E 1 u t i p*7A«Lfc 0 ^ftfcJ^^kftfcBrtftt 

2) ^tt^- y ^ ^ Ktc J: S7fcffi<P%gS 

lDNA©2o©c o sMt-tSIH^^-y KlOnmo 1 ^ 

iH-ey ^K-fk-tSo tU^^tfKlnmol^ 3 7°CT-3~4H#ra, A 
TP (y -ATP32 - 3 0 0 0 C i /mmo 1 1 6 pmo 1 T*#tWt4t!I$) 2 0 
Onmo 1 *5j:tfT4#!; %V If 1 0 M 
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(21) #^¥8 - 5 1 0 8 9 8 

y-dUTP, D I G-dUTPXHr 5 y - dUPT£«L^&tpr b\Z «t 9 35 
ILfc„ 5'&U«Lfcty^^utf KlOpmo 1^ 3 7°Ctl 
~2^pra, Iftfy-dUTP, (DIG-UTPXtt7-;y-dUTP) 10 
nmo 1 f t^f'> h 7 7 x 7-^*«#* 2 ^^^^ 

Ztlb<0&H*}) ^^^f K2pmol^ T4 y #~tf 5 *ffi«#ftTt* 
, I6tt'l2 H#ffl> 2 0 0 /x 1 -eMrf 60 y * 

WNA)5^»5o DNA£, ^7 0%x^y-;K-»U 
" s p e e d-v a c" TftjftU ^tK^WL7c 0 

(5'*x:7^-K tf^>\ DIGWNH2) -£#T?#5o 

1) ^ h u7h7b^VJ - HjA^^fylPlg 

^ h U/FTt'yy^ - hD y n a 1 M- 2 8 0 1 x P B (p H 7 

. 4) +0. l%BSAt-3»t5„ rtufj^lf— Xigr % Dyna H&tvfe 
fnyt^b^^tiJ!), TE»NaCl 2molCSIiU ftt 

DNA (DNA$H-/f-XJfctfS£ft5) gtfif 1 ~ 2 n 

2) jftD I G^ — h^ffi^(7)D I GtP@£ 

t S^ffi^X I g GT?^- h LfcDyn a 1 M- 4 5 0 Dyna l\Z.& 

*) \m £ tL/ttt m-m zxmmz.-rz> 0 ioomi m 4 x 1 0 ■> tr 

— X) KD I G I g G Oft 1 0-'0mo 1 ) 1 0 u g t t h fc» n-x- 
4tfl 2W^a^-V3yf5 0 rtl^^f-X^, ^CPBS 
/BSA^-Cfllf^U PBSCSIit^o DIGSDNA^ Jfcfcf- 
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(22) ¥f%¥-8 - 5 1 0 8 9 8 

So 

3) COOHM^g)7;;I(Dl^ 

COOH Estapor7T^^(Sll. lW2(im) |g 

5: K (cd i) T*sstt{b-rs 0 ^©ig^, iftfrfctr-xo. lmit cd 

10. lmgiHI:, 5 OtflW VZr^-i/a >-f?>Z.k\z£ Vfto 
„ SWH^ W*y;i^SS[lacuna] (ME S) (DO. 0 

5moiSJSpH5. 5 xmbftMir Z> r £ J; 9 3 5 0 M tf-X 

T P G (N a H2 P 04 . 2 H2 O 0 . 0 5 m o 1 ; N a C 1 0 . 1 % ; if 
7fy2%;pH6. 6) 10 0/i l|:SHn o 

^^£tTM7?# 6 0 77-^ *2§i£ m 1 0 9 t-X) lOOMi r t-^ 
y0. 5mg (Xfi^T^yAO. 5mgX!i7?y»y32 0. 25 
pmol) 0#£T% 50°C, l«y^ra^y 3 yfl Mtf 1 2 ^fMIhI 
K£,1»f3 0 ig^-X£, W:TPGlflIt3 0Mia, TPG10 0 

T, t^^y«DNA^ig^i-So ^nx^^Aa-Mf-XSr, fctfrO. 1 
mg/m 1 £ t tld, iia, 1 2H#IH]TM' ^^ol^— > 3 r £ £ «fc £t 

DIGIgGt*3-ht5, ft», ±IHLfc«t 5 CLT, DIG'IttDNA^: 

4) |I7^ (NH) (Nunc Cova 1 ink^^a^) t«L 

l!i5t©^DNA (5 0ng~0. 005ng) 1 - p* ^vWf * ^V— 
^ (1 -Me I M) 1 Ommo 1 «7 5 u 1 t 0 . 2 M 1 3 - ( 

^W^ynf/V) TJM'^ ; K (EDO 2 5 /z 1 tS^tS, 

Nunc Cova 1 inks!)i/H:|At5„ t^-^^ 5 0 
°C7? 5 ~ 6 yifcH, 5xSSC, 0. 2 5%SDSgI 
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(23) if#^sp 8 - 5 1 0 8 9 8 

(5 0°C(diHiM) T3 0rf^^L, 0. lxTEf30»t5 o 

r)x;WHEt(7)fiffittt--X©#tI^^@It5fc*^ 0. 1% 

BSA»iiDL, ififl 2^^a^>3^t5o 0. 

1 x TE^3~5 0rt^^-r5 o W^MDNA^, NaOHgfO. 2 5 

hM-2 8 0 <Sk(c:»LTt^^y«t^$-1i:T, ijUTO 

, J^T^J; 0fcLXMik-tZ> : ^a^h\M (Le i t z) <D$&%Ht3& 
UmUM (Reichert-Jung Polyvar) K^nhX^ 
&JB^T, ^^SMM^IJ (Norland Optical Adhesi 
v 

e) CD/h-ri£, AFM (Park) ftWhm (cantilever) <Dftffifctf%£l£ 
tc 0 smim* (*mj7 urn) (n^ht^XXIiSmCoW*© £ 

£« D Co va 1 i nkmm^W^Lfz^^m^L, 

m&yt^mUm (N i k o n) XfSAFM (Park Scientific 
Instruments, *S) «(dffigi-5 0 

) ^t^ffti:457 h * y^?*- (AFM) ^ffiffl-f^o u^-£> 
tfcttJ-?£5„ »AFM««^d-^' (*$^|10nm(DlWI 
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(24) ¥f%¥- 8 - 5 1 0 8 9 8 

. S^mDyna 1 X X> 51 tfttt bflX, '<*<Dtz.K>fy*£.ZZ> 0 igtd 

, tyf-M^-C'Dyna 1 f-X^l^ttttSi^ g^^-DNAtlW* 

D y n a 1 If— Xfi, ffi^-ftSK (Nunc Covalink ^ v^ — A- 

5ft4r#5ri*ST?§5 (f&4EI#J$) » ^tiia?), Jfcfcfrfri'iS lf-X<Dfi 
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